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P R O L O G U E
Im proving  the quality and low ering  the cost  of  l o w - i n c o m e  housing 
is a challenge fac ing all  parts  of  today 's  w orld .  R ecogn iz ing  the urgency  
of  this situation, the U. S. A g e n c y  f o r  International Deve lopm ent  has 
initiated a number  of  p r o g r a m s  to al leviate  this situation and to a s s i s t  in 
prov id ing  better  housing at le s s  c o s t  f o r  peop le  throughout the w orld .
A s  a part  of  its l o n g -ra n g e  p r o g r a m ,  AID ass igned  Southwest 
R e s e a r c h  Institute the task of deve lop ing  innovative techniques  f o r  sur face  
bonding in public  housing.
The p r o g r a m  began in e a r ly  1974 in Co lom bia .  Since that t ime,  
p rototype  houses  have been  constructed  in Bogota and in Cartagena,  and 
d i s c u s s io n s  are  underway to im plem ent  these initial e f for ts  on a m uch  
la r g e r  sca le .
It is hoped that this handbook w il l  s e rv e  as a guide to those individual 
and organizat ions  who wish to util ize  these techniques in their own cit ies  
and countr ies .  None of the techniques  d e s c r ib e d  nor  m a t e r ia l s  used are  
p r o p r i e t a r y  or  patented; no organ izat ion  or  country  has an e xc lus ive  c la im  
to their  rights .
The Southwest R e s e a r c h  Institute team is grateful  f o r  the e f for ts  
and contributions of m any  individuals and organizat ions  in behalf  of  the 
p r o g r a m .  In p ar t i cu lar ,  SwRI would like to extend its thanks to the staff  
of  the USAID M is s i o n  in Bogota - - t o  Wil l iam  E l l is  and to A l fo n s o  C o r r e d o r ;  
to Dr.  E f r a im  Otera,  Dra .  L e e  de Gouffray and the staff  of  COLCIENCIAS
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in Co lom bia ;  and to the Instituto de Cred ito  T e r r i t o r i a l ,  whose  counsel ,  
advice  and ass is tan ce  made the p r o g r a m  a real ity.  At ICT, the e f forts  
and enthusiasm of A lb e r t o  Vasquez ,  P e d r o  Javier  Soto, Eduardo P a r r a ,  
D a r io  Va lenc ia ,  Ra fae l  V a ld ir i  and Ronald M o r e n o  in Bogota and Reynaldo 
M art inez ,  Edgardo  M art inez  and Gustavo A r m a d o r  in Cartagena m ade  the 
p r o g r a m  not only a rea l i ty  but a p leasure .
Henry A rno ld ,  D ir e c t o r  of the O ff i ce  of  Sc ience  and T e ch n o lo g y  of 
AID in Washington and M e r r i l l  Conitz ,  p r o j e c t  leader  of  the p r o g r a m  for  
AID, contributed m uch  insight and valuable  guidance as the p r o g r a m  evolved .  
We are  grateful  f o r  their continuing support  and ass is tance .
SwRI is a lso  apprec ia t ive  of  the e f for ts  of Olga A ran go  de A lban 
in behalf  of  the p r o g r a m  and f o r  her  exce l lent  translat ion of the handbook.
We of Southwest R e s e a r c h  Institute are  honored  and pr iv i leged  to 
have worked with these individuals.  We hope our e f forts  have contributed  
in som e  way to the public  housing p r o g r a m  of  Co lom bia .
David Black
San Antonio,  Texas
June, 1975
Sulfur Surface Bonding Project 
Foreword
"Reasonable shelter," according to the Agency for International 
Development’s policy determination on shelter,* "is an essential element 
in tne improvement in the quality of life for the poorest majority."
same time, it is. recognized that the poorest segment of the 
populai_ion, which in most developing countries constitutes the majority, 
has inadequate shelter. It is desirable, therefore, that development 
assistance programs recognize this need and direct an appropriate amount 
of their efforts toward the shelter sector.
Vmat is meant by an "appropriate amount" must be viewed in light 
0 j ~ the many critical demands placed on the decreasing amount of development 
assistance funds available. The Agency’s financial and personnel resources 
nave been declining in recent years, while at the same time, inflation
combined with the rapidly rising cost of energy, has seriously diminished 
the impact of development assistance efforts. It therefore has become 
necessary to establish priorities which direct these limited resources
available toward mitigating the most critical problems of the poorest
people.
By Congressional mandate, AID is focusing its development assistance 
the important areas of Food and Nutrition," "Population 
Planning and Health," and "Education and Human Resources Development."
An additional category of lesser priority is called "Selected Development 
Problems," and includes selected aspects of urban development, industrial
* See Policy Determination 55, (Revised) October 22, 1974,
Shelter Program Objectives.
2development, science and technology, and infrastructure development.
The shelter and public works sectors fall under this category.
a i d ’s goal in the shelter sector is to assist developing countries 
m  analyzing their own housing requirements, planning and developing 
policies to meet these requirements, and establishing the institutional, 
tecnnological, and financial capacity required to provide reasonable 
shelter for all levels of society, but particularly for the poorest 
majority. AID has concentrated on provision guarantees on housing loans 
through the Housing Guarantee Authority to increase capital flow, as the 
availaoility of capital is the greatest single limiting factor in the 
improvement of developing country housing.
In addition to direct financial support through guarantee, grant 
and loan mechanisms, AID assists developing countries in meeting the 
minimum shelter requirements of poor families by specific technical 
services, such as;
(1) Advising on the establishment of housing standards that 
assure the minimum requirement of health and safety and enable 
the construction of shelters that the poor can afford.
(2) Supporting the "sites and services" approach, which provides 
poor families with homesites in new tracts of urbanized land 
vich basic supporting infrastructure services on which to build
a shelter with tneir own labor.
(3) Providing technical assistance in order to develop viable 
institutions to mobilize savings and provide small credits to
amilies for financing acquisition of their homesites, purchase 
or building materials, or construction of a core house.
(h) Assisting the developing countries to adapt new housing 
materials and construction technology to reduce costs or improve 
tne performance of low-cost housing, using U.S. research and 
technical capacity that is applicable to LDCs.
3In order to carry out a viable shelter strategy, there must be 
strong and sustained efforts in research and institution building which 
draw upon the best talent available in the housing sector. The magnitude 
of the problem is illustrated by the fact that even industrialized 
countries, with their relatively greater financial and technical resources 
have not been able to solve all of their own housing problems. There is 
>-eed not only for more research in the development of low cost shelters, 
but also in the adaptation of advances in developed country housing
technology to meet the unique needs and situations of the developing 
countries.
a i d 's research and development program on technology adaptation for 
'improved low cost housing in developing countries is managed by the Office 
of Science and Technology and Office of Housing with the cooperation of 
tne Office of Engineering. The program includes limited activities in;
(1) housing policy and institutional development, (2) materials technology 
with emphasis on substitution and adaptation, and (3) housing technology 
development and adaptation.
The Sulfur Surface Bonding Project was developed to help meet the 
objectives of materials substitution and technology adaptation. Sulfur 
has certain physical properties that make it an excellent surface coating 
and bonding material when melted and combined with various chemical 
additives and reinforcement fibers. Where sulfur is more readily available
and less costly than cement, it becomes an economically beneficial 
subsitute in block wall construction.
4Several years ago the Southwest Research Institute constructed an 
experimental building on its San Antonio Campus using the sulfur bonding 
technique. The experimental work done on this building and in subsequent 
experiments on surface bonding with cement as well as sulfur has resulted 
m  a technology that has wide potential applications in building 
construction.
AID recognized this as a technique that would have application in 
low cost housing in developing countries. It was also known that sulfur 
is cneap and abundant in many parts of the world and thus had potential 
application in low cost house construction. The substitute material 
couomed with an adapted technology, therefore, appeared to be an 
attractive package for developing countries. In addition to some 
supplemental technical data on its application to low cost house con­
struction, AID and the Southwest Research Institute needed additional 
data on its economic advantages and its social acceptability. Accordingly 
Southwest Research Institute was awarded a contract to construct four 
test houses in each of three countries and to collect and evaluate the 
neeaec data. The data collected and experience gained during this project 
will provide a basis for introducing the sulfur technique in other 
developing countries.
The Sulfur Bonding Project is one of several examples of how AID, 
witn limited resources, is matching relevant aspects of U.S. science 
and technology with an important need of developing countries.
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Chapter:  A r c h i t e c t u r a l  Considerat ions
Introduct ion
The g r e a t  techno log ica l  advances  in re c e n t  d ecad es  have made 
it  f e as ib le  to p e r f e c t  an e x t e r i o r  and in te r io r  wall  s y s te m  utilizing 
the b a s i c  l o a d -b e a r in g  b lo c k  and a jo int or  sur fa ce  coating which 
w i l l  p rodu ce  a m o t a r l e s s  wal l  e l em en t  equal o r  s u p e r io r  in p e r fo r m a n c e  
to the c o n t e m p o r a r y  b l o c k - m o r t a r  com ponent  sys te m ;  and in part icu lar  
appl icat ions  ev id ic ing  an e c o n o m ic  advantage. Such applicat ions  m a y  
be  found in res id ent ia l  a r ch i te c tu re  where  certa in  conf igurat ion ,  density ,  
s im p l i c i ty ,  and habitabi l i ty  leve l  a re  extant,  and where  the burden o f  
c r i t c a l  housing r e l i e f  c r i e s  for  any useful s y s te m  utilizing l o ca l  or  
avai lab le  m a t e r i a l s ,  supporting p re se n t  or  h igher  leve ls  o f  em ploym ent ,  
and b y  its e c o n o m y  a f fords  m o r e  housing within a set  time and c o s t  r e f e r ­
e n ce .  Th ese  condit ions  o f  d ire  need for  low c o s t  housing in Co lom bia  
appear  to furnish  a favorab le  background  for  dem onstra t ion  o f  the s u r f a c e ­
bonding technique in the res ident ia l  c a te go ry .
R es ident ia l  D eve lopm ent  and Siting
The res id ent ia l  c a t e g o r y  is se le c te d  within the f r a m e w o r k  o f  the low 
in c o m e  se gm e n t  o f  population, where in  l ies  the tremendous  need for  housing.  
This in c o m e  group  has the earning capac i ty  to a cqu ire  a r e s id e n c e  ranging 
f r o m  35,000 to 4 5 ,0 0 0  p e s o s .  The p ro v is io n s  for  housing at this low c o s t
2r e q u ir e s  a high density  d eve lop m ent  co m p le x ,  where  a m a x im u m  of  
r e s i d e n c e s  are  pos it ioned  within a workable  siting d ispos it ion :  See
F igure  1.
Each house  is co n s tru c te d  separa te ly  and individually ,  but are  
situated ad jacent  to one another ,  back  to back ,  f o rm ing  double r o w ­
housing .  Th ere  is no single  c o m m o n  wall  between  units but each 
r e s i d e n c e  has its own e x t e r io r  w al ls .  The structure  of  each house
is independent.  The s tructures  a re  s ingle s tory ,  and contain a g r o s s
2 2tf l o o r  area  varying f r o m  68. 4M at Cartagena to 55. 5M at Bogota .
The lot  s ize  at Cartagena,  ap p ro x im a te ly  7 3 . 8 M ^ i s  p r a c t i c a l l y  fully 
c o v e r e d  by  the housing unit, by  including a l a r g e r  patio within the unit 
i t se l f .  W hereas  in Bogota,  the units are  set  b a ck  on the lot a c o n s i d e r -
2
able  d istance ,  with no s e c o n d a r y  patio. The lot  s ize  at Bogota is 72. OM . 
D es ign  and Space Use
The r e s id e n c e  of  this s ize  a c c o m o d a t e s  a fam i ly  of  two adults with
two to four  ch i ldren .  It is  s e l f  contained as to function area  needs ,  and
p r o v id e s  the fo l lowing spa ces  o f  s izes  as indicated  be low :  (See F igures
2 and 3). 9
A r e a  ( )  Net
Space Cartagena Bogota
° Sala /  C o m e d o  r ( 5 .5 0  x  3 .1 0 )  17 .05 (4 .8 5  x 2 .8 0 )  13 .58
0 Patio  Ropas ( 2 . 3 0 x  1 .80)  4. 14 ( 6 . 0 x 2 . 4 5 )  14 .70
Coc ina (3 .2 0  x  2 .3 0 )  7 .36 (1. 7 x  2. 9) 4. 93
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Design  and Space Use ( cont 'd )
Space 
° Bano 
° Patio  
2 A lc o b a s  
T e r r a z a
A r e a  (M 2 ) Net
Cartagena 
( 1 .3 0  x 2. 30) 2. 99 
( 5 . 5 0 x 2 . 1 0 )  11 .55 
2x (3. 00 x 2. 70) 16.2
(3.  10) x  2 .2 0 )  6 .82
66 . 11
Bogota
(1 .2  x 1 .95)  2 .3 4
2x (2. 9 x  2. 8) 16 .24
51 .79
A t  Cartagena the te r ra z a  at the entry,  the patio ropas  and the patio 
separating the m ain  living spa ces  f r o m  the s leeping area  are  not roofed. 
The r o o f  is  double pitched o v e r  the l iving area  and a s ingle  pitch o ver  
the s leeping s p a c e s .  The r o o fe d  portions  o f  the house c o v e r  a net f l oor  
a re a  o f  43. 6M 2 or  65% o f  the total area .  The inside c l e a r  height  va r ies  
f r o m  a low at the eaves  o f  2 . 40M  to a high at the r idge  o f  3. 20M. (See 
F igure  4).
A t  Bogota there is a double pitched r o o f  o v e r  the l iving spaces  with 
an open R opas .  The living spa ces  c o v e r  a net f l o o r  a rea  o f  29. 0M 2 o r  
66% o f  the total a rea  o f  the r e s i d e n c e .  The c le a r  height at the eaves  and 
r idge  is ap p r o x im a te ly  the sam e  as Cartagena.  (See F igure  5) The 
f enestra t ion  is p rov id ed  to spa ces  f r o m  the s t re e t  e levat ion  and to space  
o f f  the patios and r o p a s .  A t  Cartagena with its t r o p ica l  c l im ate ,  no 
glazing is needed.  A l l  fenestra t ions ,  o f  c o u r s e ,  a re  within walls that
are  n on - load  bear ing .
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9M ater ia l  S ys tem s
The s ingle  s to r y  res ident ia l  s tructura l  s y s te m  is e x t r e m e ly  s im p le .
The three part  s y s te m  c o m p r i s e s  f i rs t ,  the foundation, a continuous 
footing and grade  b e a m  under al l  wal ls ;  s e co n d ly  m a s o n r y  b lo ck ,  load 
bear ing  wall  e lem ents  as both e x t e r i o r  c o m m o n  walls running the depth 
o f  the house  with an addit ional in term edia te  p ara l le l  in te r io r  m a s o n r y  wall 
f o rm in g  the in te r io r  partitioning which segm ents  the spac ia l  e lem ents  o f  
the plan; and third, the r o o f  b e a m s  supporting the roo f ing  and bear ing  on 
the three m a s o n r y  wal l  e le m e n ts .  Thus, the r o o f  loads supported by  the 
r o o f  b e a m s  are  transmitted  at three points each  to the m a s o n r y  walls .  
Thence  to the foot ings  bear ing  on c o m p a c te d  f i l l  b e lo w  grade .
The r o o f  loads im p ar ted  to the m a s o n r y  wall  e lem ents  through the 
b e a m s  are  in the magnitude o f  a p p r o x im e te ly  60 Kg. as a point load. This ,  
when distr ibuted  through the bear ing  walls  is d istr ibuted  throughout as an 
equivalent  un i fo rm  load o f  40 Kg. per  m e t e r  length o f  wall .  The total 
load per wal l  including the weight o f  the m a s o n r y  wall  e lem ent  is 2700 Kg, 
o r  a p p r o x im a te ly  45 0 Kg. per  m e t e r  length of  wall  at the footing.
The m a t e r ia l  com ponents  c o m p r i s in g  the building e lem ents  are  
indigenous to the l o c a le  and are  se le c te d  for  their avai labi l i ty ,  p e r fo r m a n c e ,  
and e c o n o m y .  F ig u re  6, shows a part ia l  s e c t ion  through the building 
i l lustrating the typical  in te r io r  and e x t e r i o r  wall  e lem en ts ,  and by  r e f e r e n c e  
num bers  identi f ies  the var ious  com pon ent  m ate r ia ls  used in the res ident ia l
3.
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cons tru c t ion ,  as i t e m ize d  be low :
1. Z a h o r r a  C om pactada  En Capas De 0. 10
2. C im iento  C o n cr e to  C ic lo p e o  2. 000 psi
3. S o b r e c im ie n to  En L a d r i l lo
4. S o b r e c im ie n to  C o n cr e to  R e fo r za d o  
Longitudinalmente 4 0 3 / 8 "  + Est.  0 1 /4 "  c / 0 . 2 5  mts .
5. P la ca  C o n cr e t o  T im p le  2. 000 psi
6. P i s o  En Cem ento  Afinado
7. M a s o n r y  b l o c k s ;  typical  nominal  s ize  . 1 0 x . 20 x . 4 0  
(actual  . 95 x  . 19 x  . 39) and in s o m e  instances  nominal  
. 2 0  x  . 2 0  x  .4 0 .
8. R o o f  B eam s :  Wood, 3" x  3" or  2" x  4"
9. Roof ing :  C orrugated  c e m e n t  a sb e s to s  3 / 8 "  thickness ;
Sheets 1 .0  x  1. 5M
10. Lintels :  M a s o n r y  b l o c k  o v e r  openings in m a s o n r y  walls
Since the s u r fa ce  bonding technique ut i l izes  m e r e l y  a sur fa ce  or 
jo int  coating,  with m o t a r l e s s  jo ints ,  the des ign  and construct ion  must  
a c c o m o d a t e  this feature d im ens ion a l ly .  The face  d im ens ions  o f  the 
typical  m a s o n r y  b l o c k  are  ap p ro x im ate ly  . 19 x  . 39. When used with 
. 01 m o r t a r  jo ints  the m odular  d im e n s io n  is then .2 0  x  .4 0  center  to 
cen ter  o f  joint .  H o w e v e r ,  with the su r fa ce  bond technique,  there is 
no m o r t a r  to make up this one c m  jo int  thickness so that when stacked 
the b l o c k  m ust  be sh im m e d  with w ooden pegs ,  i f  not truly  rec tangular ;  and
the v e r t i c a l  d im e n s io n s  at openings ,  at roo fs  and at b e a m s  or  l intels m ust
12
be adjusted a c c o r d in g ly .  F o r  instance ,  a typical  wall  o f  m o r ta re d  
jo ints  o f  2 . 4 0  height wil l  have 12 co u re s  o f  b lo c k  (. 10 x. 20 x .40 ) .
But a s u r fa ce  bonded m o r t a r l e s s  wal l  wil l  have 13 c o u r e s e s ,  and its 
actual height  wil l  be 2 .4 7 .  S im i l ia r ly ,  the door  and window f ra m e s  i f  
p r e cu t  or  p r e c a s t  m u st  adjust  d im e n s io n a l ly  to the new opening s i z e s .
A  2. 00 door  would be e ither  1. 90, ten c o u r s e s  high, or  2. 09, e leven  
c o u r s e s ;  and a sash  opening o f  1 .00  would change to . 9 5 ,  f ive c o u r s e s  
high. The hor izon ta l  d im ens ion s  m a y  be  a c c o m o d a te d  read i ly  b y  cutting 
the ap propr ia te  b l o c k s .
Utili ties
P r o v i s i o n  for  util ities within the res id ent ia l  unit is r e la t ive ly  s im p le .  
The sanitary  piping s y s te m  is insta l led  be lo w  grade  in the co m p a cte d  so i l  
b e f o r e  the c o n c re te  f l o o r  is poured .  T h ree  inch d iam eter  drains  c o l l e c t  
at a c o n c r e t e  d istr ibut ion  b o x  which connects  to a four inch house  sew er  
that runs to the s t re e t  s e w e r  main .  The water  line f r o m  the underground 
m ain  runs through the e x t e r i o r  wal l  at the s t re e t  e levat ion  above the f loor  
along the " w e t "  o r  plumbing s ide  o f  the house .  It s e r v i c e s  the Ropas ,  
C oc ina ,  and Bano s p a ce s .
The e l e c t r i c a l  s e r v i c e  enters  the house  overhead  to a distr ibution  
b o x  on the wal l  o f  the Sala.  F r o m  the b o x  through conduit  which is notched 
into the m a s o n r y  b lo c k  walls  the pow er  is d istr ibuted  to the var ious  s p a ce s .  
Each  space  is a c c o r d e d  a l ighting b o x  and outlet and a conven ience  outlet
13
at the wall .
The weather  condit ions  at Cartagena and Bogota are  such that no 
heating is needed , and the e c o n o m i c  leve l  o f  the occupants  prec ludes  
any air  condit ioning.  So that there a re  no m e c h a n ic a l  s e r v i c e s  installed 
in the r e s id e n c e .
Con struct ion  Sequence
When the bui lding site is p re p a re d ,  the footings  o f  b lo c k  are  p laced  
and m o r t a r e d  to a ch ieve  the d e s i r e d  e levation  for  the grade  beam .  This 
continuous m e m b e r ,  running under all  walls  o f  the housing unit is f o rm e d  
^and s tee l  r e i n f o r c e m e n t  p laced ,  and c o n c r e t e  is poured  to the s c r e e d e d  
l e v e l  fo r  the finish f l o o r  e levation .  Once the c o n c r e t e  grade  b e a m s  have 
se t  and the underground house s e w e r  piping is p laced ,  the c o n c re te  f loor  
slab is poured o v e r  c o m p a cte d  f i l l  base  to the d e s i r e d  finish f loor  e levation .  
This  c o m p le te s  the foundation phase o f  the con s tru c t ion  fo l lowing the finish 
trowel ing  o f  the c o n c re t e  su r fa ce .
When the c o n c re t e  has cured  a su f f i c ient  length o f  time the wall  e lem ent  
s y s t e m  p r o c e e d s .  This s y s te m  c o m p r i s e s  m a s o n r y  b l o c k  units, and a 
l iquid m o l ten  su lphur /asbes tos  f iber  or  f iberg las  com pound  applied either  
to the jo ints  or  to the entire b l o c k  su r fa ce  by  brush  or  spray .  The f i r s t  
c o u r s e  o f  b lo ck s  are  p laced  o ver  the grade b e a m  and an amount o f  the m olten  
(heated) s u lp h u r /co m p o u n d  is poured  into the b l o c k  ce l l s  o r  cavity  to anchor  
the wal l  e lem ent  to the foundation. Sand m a y  be used to pond the m olten
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sulphur at the jo int  o f  the b l o c k  and the grade  b e a m / f l o o r  slab until set.
The next three o r  four c o u r s e s  o f  b lo c k  are  then stacked dry ,  level ing 
and plumbing each  c o u r s e  with wood pegs .  When four or  f ive c o u r s e s  are  
p laced ,  the s u lp h u r /a s b e s to s  f iber  com pound  is b rushed  along the jo ints ,  
v e r t i c a l  and h or izon ta l ,  on both s ides  o f  the wall .  The jo int  lap c o v e r a g e  
is ap p r o x im a te ly  . 05 o r  . 02 5 on the su r fa ce  o f  each  b lo ck .  The com pond  
so l id i f ie s  in l e s s  than a minute fo rm in g  an im m edia te  e f fe c t ive  tensile  
bond.  The wood pegs a re  r e m o v e d  as soon  as the compound begins  to 
harden.
When the lintel height o ve r  openings in the walls is r eached ,  the 
l intels  which are  m ade  on the ground are  l i fted into p lace  and that c o u r s e  
s tacked and jo ints  b rushed  in the n o r m a l  m anner .  Two methods a re  used 
fo r  l intel preparat ion .  One is to im pregnate  the b lo ck s  in m olten  sulphur 
fo r  30 minutes ,  then butt end to end the number requ ired  for  the l intel 
and paint the joints  with the sulphur form ulat ion .  The other is to f i l l  
the b l o c k  cav ity  with the sulphur form ulat ion  and butt the b lo ck s  end to 
end painting the jo ints .
When the eave  height is reach ed  the b lo c k s  at the walls para l led  to 
the r o o f  s lope  are  cut back  and stacked as gable ends to f o r m  the line 
o f  the r o o f  s lope .  Then the final c o u r s e  act ing as a rake f r o m  eave to 
r idge  s loping with the roo f ,  is p laced  and the joints  painted with the sulphur 
f orm ula t ion .  W here  the r o o f  be a m s  are  to be  located  the b lo c k  is notched 
and the b e a m s  let  in,  then painted at the juncture .  The c e m e n t -a s b e s t o s
15
roo f ing  sheets  a re  then tied by  w ire  to the b e a m s .  At  Cartagena,  where 
p o o r  so i l  condit ions preva i l ,  in the traditional house a b e a m / l in t e l  at 
the tenth c o u r s e  Was poured i n - p l a c e .  This was used to tie all  walls 
together ,  both e x t e r i o r  and in te r io r .  H o w e v e r ,  utilizing the sur fa ce  
bonding technique,  these l intels w ere  e l iminated s ince  this method im parts  
continuous tensi le  strength throughout the wall .
In the p la ce m e n t  o f  uti l i t ies ,  the s e w e r  and piping s ys tem s  as m e n ­
tioned p r e v io u s ly  w e re  set  at the foundation phase o f  construct ion .  The 
e l e c t r i c a l  box es  and conduit  a re  notched into the b lo c k  walls af ter  they 
a r e  set  and the house  has b een  roo fed .
S ys te m  P e r f o r m a n c e
The s tructura l  p e r fo r m a n c e  o f  the s u r fa c e -b o n d e d  wall  s y s te m  c o m ­
pared  with that o f  the traditional  m a s o n r y  wall  has been  evaluated in the 
United States by  tests conducted  by  the C orp s  o f  E ngineers  and rep o r te d  
in their T e ch n ica l  R ep or t  No. 4 -4 3 .  R ep or ts  o f  s im i la r  c o m p a r i s o n  
testing on C o lom bia n  m ater ia ls  by  the U n ivers i ty  of  the Andes  have not 
been  r e c e iv e d  as yet.  T h e r e f o r e ,  in the in ter im ,  the resu lts  o f  the Corps  
o f  E ngineers  are  shown b e low  using c o n c r e t e  b lo ck s  c o m p r is in g  grave l  
aggregate :
T e s t
M o rta r  2" Strip S u lp h u r /F ib e r
Jpint No. Coats Glass  Joint
F le x u r a l  Strength (psi )  Fa i led  o f  own 1 34
weight 2 121
Bond Strength (psi)  ^ 8  1 76
2 235
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T e s t
Mo r ta r 
Joint
2" Strip S u lp h u r /F ib e r
No. Coats  G lass  Joint
Load to fai lure  
(pounds)
Racking ( ^
11,500 17,000
T e s t  standards are  (1) A S T M  E 1 4 9 -5 9 T
(2) A S T M  E72-61
Paint  adhers  r e a d i ly  to the s u r fa ce  o f  the s u r fa ce  bonded wall  s y s te m  
as d o e s ,  s tu cco ,  p las ter  or  c e m e n t  finish.  The paint endurance tests 
conducted  by  the C orp s  of  E n g ineers  a c c o r d in g  to the A S T M  standard 
4 2 -5 7  showed no d e ter io ra t ion .
During con s tru c t ion  there is a d ist inct  od or  p resent  (sulphur) when 
applying the m olten  form ulat ion  to the b l o c k  jo ints .  H ow ev er ,  it  was 
not o f fens ive  to c ons truct ion  personn e l .  This od or  fo l lowing com ple t ion  
o f  the wall  e lem ents  l ingers  for  a per iod  o f  not m o r e  than a week  and is 
then d iss ipated .
The p e r m a n e n c e  o f  the s u r fa ce  bonded s y s te m  o v e r  a per iod  o f  
time is ev id enced  b y  the e xce l le n t  p e r fo r m a n c e  o f  a building ( 5 . 48  x 9. 14) 
c o n s tru c te d  at Southwest  R e s e a r c h  Institute in 1963. The s y s te m  used 
c ind er  c o n c r e t e  b lo ck s  fourteen c o u r s e s  high where  the entire  sur fa ce  
both s ides  was b rushed  with the m olten  s u lp h u r /g la ss  f iber  form ulat ion .
A  wood r o o f  truss supports  a c o r ru g a te d  c e m e n t  asbe s to s  roo f ing .  Through 
e leven  years  o f  e x t r e m e  tem pera ture  changes f r o m  15°F in winter to 100°F 
in s u m m e r  the condit ion o f  the building shows no c rack in g ,  spall ing,  o r  
d e te r io ra t io n  in any m anner  w hatsoever .
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F ig u re  8. Mixing the Form ulat ion  in 
55 Gallon D rum s on Site
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LIST O F  FIGU RES
1 Setting the f i r s t  row  in ce m e n t m o r ta r .
2 S tack in g  the c o n c r e te  b lo c k s  w ithout m o r ta r  betw een  them .
3 A p p ly in g  the ce m e n t fo rm u la tio n  to  the w all.
4 B on d in g  the f i r s t  row  o f  b lo c k s  w ith  su lphur.
5 B on d  o f b lo c k  to c o n c r e te  s lab  is  g r e a te r  than feensil. s tren gth  
o f  s la b .
6 P a in tin g  the su lphur co a tin g  by  b ru sh  o v e r  the tota l s u r fa c e .
7 P a in tin g  on ly the jo in ts  w ith  the su lphur coa tin g .
8 Setting a p r e -m a d e  lin te l in p la ce .
9 W a lle ttes  under long  te rm  ev a lu a tion s .
10 P ro p a n e  b u rn e r  and tank u sed  fo r  m e lt in g  su lphur.
11 O v e r a ll  v iew  o f ce m e n t  co a te d  and sulphur co a te d  h ou ses  in 
B og o ta .
12 C lo s e -u p  o f su lphur co a te d  house a fte r  be in g  painted  w ith w hite 
paint.
13 L a rg e  c r a c k s  betw een  b lo c k s .
14 O v e r a ll  v iew  o f h ou ses  c o n s tru c te d  in  C a rta g en a .
15 S p ray in g  the su lphur fo rm u la tio n .
16 S m a ll pum p u sed  to  sp ra y  su lphur in  la b o r a to r y  te s ts .
The s u r fa ce  bon d  techn ique fo r  w a ll c o n s tru ct io n  c o n s is t s  o f 
s ta ck in g  c o n c r e te  b lo c k s ,  o r  oth er bu ild ing  m o d u le s , in to  a w a ll w ithout 
m o r ta r  b e in g  p la ce d  b etw een  the b lo c k s . A  bonding m a te r ia l  is  then 
a p p lied  to  both  s u r fa c e s  of the w a ll to  fo r m  a s tru c tu ra l m e m b ra n e  
aga in st the b lo c k s  w h ich  w a te rp ro o fs  the w a ll and b inds it  in to  an in te g r a l 
unit. A  n u m ber of m a te r ia ls  have been  eva lu a ted  as the bon d in g  m a te r ia l , 
but th is p r o je c t  has in ten tion a lly  been  lim ite d  to ce m e n t  b a se  co a tin g s  
and sulphur b a se  co a t in g s .
In 1963 a s m a ll  bu ild in g , housing  the sh ipping and r e c e iv in g  grou p , 
w as bu ilt  u sin g  a su lphur b a se  coa tin g  at Southw est R e s e a r c h  In stitu te (* )* , 
T o  date th is bu ild in g  is  s t i l l  in e x ce lle n t  c o n d it io n (E) and continued  s e r v ic e
is anticipated for many years to come. In 1969, under a United Nation's
(3)p r o je c t ' > s e v e r a l  w a lls  w ere  co n s tru c te d  in G uatem ala  e m p lo y in g  c o n c r e t e  
b lo c k  as w e ll as f ir e d  c la y  tile  and th ese  w a lls  a re  s t i l l  in ta ct . T o  our 
k n ow led ge  th ese  a re  the tw o o ld e st s ite s  e m p lo y in g  s tru c tu re s  w ith the 
s u r fa c e  bon d in g  techn ique and both  u sed  the sulphur co a tin g . M ore  r e c e n t ly  
in  the U nited States oth er s tru c tu re s  a re  a p p ea rin g  e m p lo y in g  the s u r fa c e  
bond  tech n iqu e , usin g  both  the ce m e n t b a se  and su lphur b a s e  s y s te m s .
C o n s tru c t io n  U sing C em en t B a se  C oa tin gs
W hen the w a lls  a re  to  be co n s tru c te d  on a c o n c r e te  s lab  or b e a m  
the f i r s t  la y e r  o f  b lo ck s  is  se t in  a ce m en t m o r ta r  s im ila r  to  r e g u la r
T E C H N IC A L  A S P E C T S  OF SU R FA C E  BONDING
*S ee B ib lio g ra p h y
m o r ta r  c o n s tru c t io n , e x ce p t  that n o  m o r ta r  is  p la ced  b etw een  the b lo c k s  
in  the v e r t ic le  jo in ts  as shown in F ig u re  1. T h is, le v e ls  the f i r s t  la y e r  
and bonds it  to  the s la b . T h e b lo c k s  a re  then s ta ck ed  one atop  the oth er 
w ithout any m o r ta r  betw een  them  to  a  con ven ien t height as  show n in  
F ig u re  2. D epen din g on the w idth and qu a lity  o f  the b lo c k  th is m a y  v a r y  
f r o m  th ree  o r  fo u r  b lo c k s  to  the fu ll w a ll height. T he 10 c m  w ide  b lo c k s  
w e re  s ta ck ed  fiv e  high in  th is p ro g ra m . The b lo ck  s u r fa c e s  w e re  then 
w etted  w ith  w a ter  to  im p ro v e  a d h esion  o f  the ce m e n t b a s e  co a tin g  w h ich  
is  then tro w e le d  onto the w a ll s u r fa c e s  as in  F ig u re  3. A fte r  one day  
the r e s t  o f  the b lo c k s  w ere  s ta ck ed  and then co a te d  as b e fo r e .  T h is
type o f c o n s tr u c t io n  is  not r e co m m e n d e d  fo r  m o re  than s in g le  s to r y  units 
f o r  both  the ce m e n t  and sulphur s y s te m s .
C o n s tr u c t ion U sin g  Sulphur B a se  C oatin gs
C o n s tru c t io n  w ith the su lphur b a se  co a tin g s  is  v e r y  s im ila r  to 
that a lr e a d y  d e s c r ib e d  w ith the e x ce p t io n  that the su lphur co a t in g  is  
a p p lied  h ot in the m o lten  s ta ge . A s  seen  in  F ig u re  4 , the f i r s t  la y e r  is  
b on d ed  to  the s la b  by  p ou rin g  the su lphur in to  the c a v ity  o f  the b lo ck . 
A d h e s io n  w as su ffic ie n t  that w hen an a ttem p t was m ade to r e m o v e  one 
o f  the bon d ed  b lo c k s  the c o n c r e te  s lab  fa ile d  in  ten s ion  b e fo r e  the su lp h u r 
bond  b etw een  the b lo c k  and s la b  fa ile d  as show n in F ig u re  5. N ext, the 
b lo c k s  a re  s ta ck ed  to  a con ven ien t height and the su lphur fo rm u la tio n  is  
then painted  onto the s u r fa c e . C on ven tion a l paint b ru sh e s  m a y  be used , 
h o w e v e r , it  w as found that s m a ll  b r o o m s  w ork ed  as w e ll a s  the paint





b ru sh e s  and w ere  c o n s id e r a b ly  le s s  c o s t ly .
The coa tin g  is  ap p lied  to  a th ick n ess  o f 2 to 4 m m . A t this 
th ick n e ss , the co a tin g  w ill s o lid ify  in  2 0 -3 0  se co n d s . The en tire  w all 
s u r fa c e  ca n  be  co a te d  w ith the su lphur fo rm u la tion  as in  F ig u re  6, o r  
on ly  the jo in ts  ca n  be painted  as in F ig u re  7. The p r e fe r r e d  m eth od  is  
to  c o a t  the e n tire  w a ll s u r fa ce  s in ce  this g iv e s  a s tro n g e r  and m o re  
w a te rp ro o fe d  s u r fa c e , h o w e v e r , painting on ly the jo in ts  r e q u ir e s  le s s  
than h a lf as  m u ch  sulphur coa tin g , thus b e in g  m o re  e c o n o m ic a lly  
a ttra c t iv e . I f  the w a ll is  to  be  p la s te re d  even tu a lly  w ith con ven tion a l 
ce m e n t  p la s te r , then painting on ly the jo in ts  a llow s  fo r  a c o n s id e r a b ly  
sav in g s  in c o s t  and m a te r ia l.
W ith the su lphur b a se  s y s te m , lin te ls  can  be p re p a re d  v e r y  q u ick ly  
and e a s ily  on the jo b  s ite . C o n cr e te  b lo c k s  a re  butted  end to  end, 
w ithout m o r ta r  b etw een  the jo in ts . The sulphur coa tin g  is  a p p lied , 
p r e fe r a b ly  to  the en tire  s u r fa c e , but the jo in ts  only can  b e  c o a te d  i f  
d e s ir e d . W ithin 5 to  10 m in u tes , the lin te ls  ca n  be p la ce d  atop  w indow  
o r  d o o r  open ings as in  F ig u re  8 and then co a te d  in the sam e m an n er as 
b lo c k s  b e in g  added  to  the w a ll. T he m a x im u m  span that can  be b r id g e d  
m  this m an n er is  d e term in ed  p r in c ip a lly  by  the f le x u r a l  s tren g th  o f  the 
c o n c r e t e  b lo c k  i t s e l f  and shou ld  be d e term in ed  on s ite  u sin g  the b lo c k s  
a v a ila b le . T w o  m eth od s w ere  u sed  in  im p ro v in g  the stren g th  o f  the 
b lo c k s . The first* m eth od  w as to  f i l l  the ca v ity  o f  the b lo c k s  w ith the 
su lphur co a tin g  fo rm u la tion . The fo rm u la tio n  le ft  o v e r  at the end o f 
the day w as u sed  fo r  this a p p lica tion , ra th er  than dum ping it. on the

F ig u re  7. Painting Only the Joints W ith the Sulphur Coating
i
F ig u re  8., Setting a P re -M a d e  L in te l in P la ce
grou n d . T h e b lo c k s  p re p a re d  in this m anner w ere  thus m a d e  to fa il  
through  the ce n te r  s e c t io n  of the b lo c k , ra th er  than through the c a v ity  
se c t io n .
The se co n d  m ean s o f  im p ro v in g  the stren gth  o f  the c o n c r e te  
b lo c k s  w as to  su b m e rg e  the b lo c k s  in  m o lte n  su lphur, o r  the sulphur 
p la s t ic iz e d  w ith  d icy c lo p e n ta d ie n e . The len gth  o f tim e r e q u ir e d  to 
sa tu rate  the b lo c k  w ith the sulphur w ill depend  on how  w et the c o n c r e t e  
b lo c k  i s .  W hen the su lphur n o  lo n g e r  bu b b les  due to  the r e le a s e  o f the 
m o is tu r e  f r o m  the b lo c k , this is  u su a lly  the in d ica tion  that sa tu ra tion  
is  c o m p le te . W ith the r e la t iv e ly  d ry  b lo ck s  that w ere  u sed  in C a rta g en a , 
th is  took  fr o m  30 m in u tes to  1 h ou r.
C e m e n t C oa tin g  F o rm u la tio n s  and E qu ipm en t
The ce m e n t  coa tin g  d e v e lo p e d  b y  the U nited States D ep a rtm en t o f 
A g r ic u ltu r e  has the fo llo w in g  con stitu en ts  in  p arts  by  w eight:
100 ce m e n t
20 lim e
5 g la ss  f ib e r  -  1 /2 "  lon g
2. 5 c a lc iu m  c h lo r id e
1. 25 c a lc iu m  s te a ra te
s u ffic ie n t  w ater to  g ive  a w ork a b le  m ix .
The lim e  g iv e s  b e tte r  w o rk a b ility  to the m ix , the g la ss  f ib e r s  g iye  
r e in fo r c e m e n t , the c a lc iu m  c h lo r id e  a c c e le r a t e s  the se t, and the c a lc iu m  
ste a ra te  a c ts  as a w a te rp r o o fe r . E s s e n t ia lly  a ll  that is  r e q u ir e d  is  the
ce m e n t and a r e in fo r c in g  f ib e r .  A s p e c ia l a lk a li r e s is ta n t  g la ss  f ib e r  
is  the on ly g la ss  f ib e r  re co m m e n d e d  with th is fo rm u la tio n . The a lk a li 
re s is ta n t  type g la s s  w as n ot a v a ila b le  in  C o lo m b ia , s o  the con v en tion a l 
type that w as a v a ila b le , as w e ll as a s b e s to s  f ib e r s  w e re  re tu rn e d  to 
Southw est R e s e a r c h  Institute w h ere  stren gth  d e term in a tion s  w e re  m ad e in  
the la b o r a to r y . T w o  fo rm u la tio n s  w e re  p re p a re d , one u sin g  g la ss  f ib e r s ,  
the se co n d  u sing a s b e s to s  f ib e r s .  The fle x u r a l s tren g th  w as d eterm in ed  
a fte r  the s p e c im e n s  c u r e d  fo r  6 days and th is is  re p o r te d  in  T a b le  I.
T a b le  I
F le x u r a l Strength  fo r  G la ss  F ib e r  and A s b e s to s  
F ib e r  R e in fo r c e d  C em en t C oa tin gs
F o rm u la tio n  
(pa rts  b y  w eight)
F le x u ra l S trength  at 6 days 
p si (K g /m 2 )
100 ce m e n t 535 (3 7 6 ,0 0 0 )
20 lim e
5 l / 2 ,f g la s s  f ib e r s
1 .25  c a lc iu m  s tea ra te
W ater
100 ce m e n t
20 lim e 425 (2 9 9 ,0 0 0 )
10 1 /4 "  a s b e s to s  f ib e r s
1. 25 c a lc iu m  stea ra te
W ater
F o rm u la t io n s  w ere  a ls o  m ade using the sa m e am ount o f s i l i c a  sand a s  
ce m e n t  in both  o f  the fo rm u la tio n s  above  and the strengths w e re  the 
sam e as w ithout the sand. In e r e c t in g  s m a ll w a lls , th ere  w as no 
advantage to  adding sand to  the fo rm u la tio n . The sand added  vo lu m e to  
the m ix , but m o r e  w as re q u ir e d  to c o v e r  the sam e a re a  and it was 
m u ch  m o r e  d iff ic u lt  to  w o rk  than the fo rm u la tio n  v/ithout the sand.
W a lle ttes  (s m a ll  w a lls ) 4  ft x  4 ft (120 c m  x  120 c m ) w e re  e r e c t e d  
u sin g  10 c m  w ide b lo c k s  w ith e a ch  o f  the fo rm u la tio n s  in  T a b le  I. In 
ad d ition  one w a lle t w as e r e c te d  u sin g  a c o m m e r c ia l ly  a v a ila b le  co a t in g  
m ix . T h e se  w ill be  eva luated  o v e r  the next s e v e r a l  y e a rs  and can  b e  
se e n  in  F ig u re  9 =
T he on ly  equ ipm ent r e q u ire d  fo r  the ce m e n t co a tin g  is  a m o r ta r  
b o x  fo r  m ix in g  the fo rm u la tio n , a hoe or  sh o v e l fo r  m ix in g , and a 
t r o w e l f o r  app ly in g  the m ix .
Sulphur C oa tin g  F o rm u la tio n s  and E qu ipm en t
T h e. su lphur co a tin g  fo rm u la tio n s  c o n s is t  o f su lph u r, a p la s t ic iz e r ,  
and a r e in fo r c in g  f ib e r .  T he p r e fe r r e d  p la s t ic iz e r  f o r  the su lphur co a t in g  
is  d icy c lo p e n ta d ie n e . In ad d ition  to  p la s t ic iz in g  the su lphur, the 
d icy c lo p e n ta d ie n e  im p a rts  a f ir e  re ta rd in g  c h a r a c t e r is t ic  to  the fo rm u la tio n . 
In a l l  o f  our w ork  to date, the d icy c lo p e n ta d ie n e  has b een  the m o s t  
p r a c t ic a l  m o d if ie r ,  and is  a ls o  the m o s t  e c o n o m ic a l .  B y fa r  the m o s t  
w id e ly  u sed  f ib e r  has been  g la ss  f ib e r ,  h o w e v e r , oth er f ib e r s  have b e e n  
u sed , in c lu d in g  a s b e s to s .

On the in it ia l v is it  to  B ogota  in February*, 1974, sa m p les  of 
g la ss  f ib e r ,  a s b e s to s , ta lc and d icy c lop en ta d ien e  w ere  obta ined  and 
re tu rn ed  to  Southw est R e s e a r c h  Institute fo r  fu rth er  study.
The optim um  form u la tion  d ev e lop ed  as a coa tin g  in  the S tates 
that w as d e s ig n e d  s p e c i f ic a l ly  fo r  sp ra y in g  had the fo llo w in g  fo rm u la tio n  
in  p arts  b y  w eight:
100 Sulphur
7. 5 talc
3 m ille d  g la ss  f ib e r s
3 d icy c lo p e n ta d ie n e .
The ta lc  su sp en d s the g la ss  f ib e r s  and in p arts  a th ix o tro p ic  nature to  
the fo rm u la tio n  to p reven t its  flow  on a v e r t ic le  w a ll. T h e m ille d  g la ss  
f ib e r s  a re  in  an a lm o s t  p ow d er-lik e  fo rm  w h ich  a llo w s  fo r  a sp ra y a b le  
fo rm u la tio n . On the su b je ct  p ro g ra m , it  w as a n tic ip a ted  that the co a tin g  
w ou ld  b e  a p p lied  w ith  b ru sh e s  and this a llow ed  the in v e stig a tio n  o f  la r g e r  
f ib e r s .  T a b le  II l is t s  the f le x u r a l stren gth s of the v a r io u s  fo rm u la tio n s . 
T h e ta lc  obtained  in  C o lo m b ia  w as not as f in e ly  grou n d  as that 
n o r m a lly  u sed  in  the fo rm u la tio n , h en ce the n eed  fo r  3 to  4  tim es as 
m u ch  as in d ica ted  in T a b le  II. The fa ct  that the fo rm u la tio n  e m p lo y in g  
on ly  5 p arts  a s b e s to s  w as c o n s id e r a b ly  s tr o n g e r  than the ce m e n t  c o a t in g s , 
in d ica te d  that this fo rm u la tion  should  be  adequate fo r  co n s tru c t io n . The 
la s t  fo rm u la tio n  in T ab le  II w as p re p a re d  usin g  a floa ta tion  grad e  su lphur 
p rod u ct w h ich  is  a p p ro x im a te ly  70% su lphur w ith the im p u r ity  be in g  fine
T a b le  II
F le x u r a l S trength  fo r  G lass  F ib e r  and A s b e s to s
F ib e r  R e in fo r c e d Sulphur C oatings
F  orm u la tion F le x u ra l Strength  at 1
(p a rts  b y  w eight) p s i (k g /m 2)
100 Sulphur 1475 (1 ,0 4 0 ,0 0 0 )
7„ 5 T a lc
3 m il le d  g la s s  f ib e r
3 d icy c lo p e n ta d ie n e  (DC PD)
100 Sulphur 1465 (1, 0 3 0 ,0 0 0 )
7 0 5 T a lc
3 l / 4 n C o lo m b ia n  g la ss  
f ib e r
i-
3 DC PD
100 Sulphur 1810 (1 , 275, 000)
30 T a lc  (C o lom b ia n )
3 1 /4 ” C o lo m b ia n  g la ss  
f ib e r s
3 DC PD
100 Sulphur 685 (4 8 2 ,0 0 0 )
20 T a lc  (C o lom b ia n )
1 l / 4 n C o lo m b ia n  g la ss  
f ib e r s
3. DC PD
100 Sulphur 1430 (1 , 0 0 0 ,0 0 0 )
20 a s b e s to s  (C o lom b ia n )
3 DC PD
100 Sulphur 1075 (755 , 000)
10 a s b e s to s  (C o lom b ia n )
3 DC PD
100 Sulphur 710 (500 , 00.0)
5 a s b e s to s  (C o lom b ia n )
3 DC PD
100 Sulphur (floa ta tion  ore  
70%S)
1325 (9 3 1 ,0 0 0 )
5 a s b e s to s
3 DC PD
v o lc a n ic  ash . U n fortu n ately  sa m p le s  w e re  n ot obtained  o f this m a te r ia l 
until the h ou ses  w ere  c o n s tru c te d , h o w e v e r , the stren gth  te s ts  in d ica ted  
that it  w ill  w ork  fine and co n s id e r a b le  sa v in g s  sh ou ld  be  r e a liz e d  s in c e  
it  is  h a lf the c o s t  o f the pure e le m e n ta l su lphur.
T he b a s ic  su lphur fo rm u la tio n  e m p lo y e d  in a ll  th ree  o f  the h o u se s  
in C o lo m b ia  w as as  fo l lo w s , a lthough  so m e  m in o r  m o d ific a t io n s  w ith 
the a s b e s to s  type w e re  m ad e at t im e s .
100 su lphur 
5 a s b e s to s  
3 DC PD
One w a lle tte  em p loy in g  g la ss  f ib e r  and one e m p lo y in g  a s b e s to s
f ib e r  w e re  c o n s tr u c te d  at SwRI as show n in F ig u re  9 fo r  fu ture evaluations 
o v e r  the y e a r s .
F o r  m e lt in g  the su lphur, any a v a ila b le  heat s o u r ce  m a y  be u sed  
in c lu d in g  w o o d , c o a l ,  or  g a s . B ottled  p ropan e gas w as u sed  on the 
s u b je c t  p r o g r a m  and is  h igh ly  d e s ir a b le  b e c a u s e  o f the c o n t r o l  by  
regu la tin g  the f la m e . The quantity u sed  v a r ie d  fr o m  35 to  50 k ilo s  p e r  
h ou se  depen d in g  on the s iz e  o f  the h ou se . A  c o m m e r c ia l  b u rn e r  m a y  be 
u se d , a lth ou gh  we had b u rn ers  fa b r ica te d  f r o m  m e ta l con du it as show n in  
F ig u re  10. A n y  con ven ien t s iz e  m e ta l tank m a y  be  u sed  f o r  m e ltin g  the 
su lph u r. F o r  d e m o n stra tio n  p u rp o se s  a 5 g a llo n  b u ck et is  show n in  
F ig u re  10. F o r  a ctu a l c o n s tru c t io n , tw o 55 ga llon  d ru m s w e re  u sed .
T o  help  in su la te  and hold  the heat, c o n c r e te  b lo c k s  w e re  s ta ck ed  arou n d  
the tanks. A p p ro x im a te d  250 k ilo s  o f  su lphur w e re  m e lte d  in  e a ch  tank
at one tim e .

F o r  sp eed in g  the m eltin g  o f the sulphur one tech n iqu e is  to p la ce  
on ly  2 0 -2 5  k ilo s  o f s o lid  sulphur in the d ru m . A s  so o n  as a ll  o f this 
is  m e lte d , ad d ition a l s o lid  su lphur is  added , m ak ing su re  that the 
su lphur stays liqu id . I f  a l l  o f  the sulphur is  added in it ia lly , it w ill 
take m u ch  lo n g e r  to  m e lt  the su lphur b e ca u s e  s o lid  su lphur is  a v e r y  
p r  heat co n d u c to r . B y  m e ltin g  in the m a n n er d e s c r ib e d , the 250 k i lo s  
w ere  u su a lly  m e lte d  and the tem p era tu re  r a is e d  to  145 *C w ithin  1 1 /2  
to  2 h o u rs . O nce the su lphur tem p era tu re  is  at 145“ C , the d icy c lo p e n ta d ie n e  
is  added  and a llo w e d  to  r e a c t  fo r  15-20 m in u tes  b e fo r e  the a s b e s to s  is  
f in a lly  added. C au tion  shou ld  be taken that the te m p e ra tu re  d oes  not 
e x c e e d  150"C , o r  the quantity o f d icy c lop en ta d ien e  d oes  n ot e x c e e d  3 p a rts  
p e r  100 p arts  o f su lph u r, e ls e  the d icy c lop en ta d ien e  ca n  o v e r r e a c t  w ith
the su lphur to  fo r m  a v e r y  v is c u o u s , r u b b e r - l ik e  m a te r ia l  that m u st be  
d is c a r d e d .
The a s b e s to s  u su a lly  con ta in s  w ater s o  that th ere  w ill be bu b b lin g  
and foa m in g  when it is  f i r s t  added  to  the m o lten  m ix . O nce the fo a m in g
has stop p ed  and the te m p e ra tu re  o f the m ix  is  145-150«C, the m a te r ia l 
is  re a d y  to  b e  a p p lied .
The r e c o m m e n d e d  s a fe ty  equ ip m en t f o r  p e r s o n n e l ap p ly in g  the 
su lphur m ix tu re  is  lon g  s le e v e s  to  p reven t b u rn s  i f  su lph u r is  sp la tte re d  
on the a r m s , g lo v e s  to  p r o te c t  the hands, and g o g g le s  o r  g la s s e s  to 
p r o te c t  the e y e s . It shou ld  a lw ays be  r e m e m b e r e d  that m o lte n  su lphur 
is  at a tem p era tu re  abov e  that o f  b o ilin g  w ater, but at 150“C , is  u su a lly
as c u r r e n t ly  used  f o r  r o o fs  and roa d w a y  r e p a ir s .w e ll b e low  that of asph alts
C onsfcruction  o f H ouses
T w o  h ou ses  w ere  c o n s tru c te d  in B ogota  in B a r r io  G a r c e s  N a v a s.
T h e se  w e re  s in g le  s to ry  units o f a p p ro x im a te ly  50M 2 o f B o o r  a re a . The 
w a lls  w e re  10 b lo c k s  h igh plus the m o r ta r  jo in ts . Due to  e lim in a tion  of 
the m o r ta r  jo in ts  u sin g  the s u r fa ce  bond tech n iqu e, the waU s w ere  b u ilt
11 b lo c k s  h igh  w h ich  w as a p p ro x im a te ly  1 /2  b lo ck  h ig h er  than the co n v e n tio n a l 
w a ll.
One h ou se  w as bu ilt with the c e m e n t -a s b e s to s  co a tin g  and the se co n d  
h ou se  w as bu ilt w ith the s u lp h u r -a sb e s to s  fo rm u la tio n . U sing a c r e w  o f 
tw o  m a so n s  and tw o h e lp e r s , it  took  2 1 /2  days to  c o n s tr u c t  the w a lls  on 
e a c h  h ou se , w h ich  is  c o m p a ra b le  to  what is  re q u ire d  on the co n v e n tio n a l 
h o u s e s . W ith p r a c t ic e ,  the c r e w s  w ould b e c o m e  m o r e  p r o fic ie n t  and cou ld  
p o s s ib ly  c o n s tr u c t  them  in le s s  tim e.
A n  o v e r a ll  v ie w  o f  the ce m e n t  co a te d  and su lphur co a te d  h o u se s  in 
B og o ta  is  show n in F ig u re  11. The fro n t  o f  the su lphur c o a te d  h ou se  is  
p a i t ia l ly  painted  w ith  w hite paint in  the p h o to g ra p h .. F ig u re  12 is  a 
c lo s e u p  o f the su lphur co a te d  h ou se  a fte r  the en tire  fro n t  o f  the h ou se  has 
b een  painted  w ith w hite paint to g ive  the a p p earan ce  o f w hite p la s te r .
One p ro b le m  en cou n tered  in the B og ota  c o n s tru c t io n  w as the tim e 
r e q u ir e d  to  s ta ck  the b lo ck s  in to  a plum b w a ll. T h is  p r o b le m  was s o lv e d  
in  the C a rta g en a  c o n s tru c t io n  by using p re cu t  w ooden  w ed g es  as show n p r e ­
v io u s ly  in  F ig u re  7. T h is  saved  co n s id e r a b le  tim e . T he s e co n d  p r o b le m  
in v o lv e d  la r g e  c r a c k s  in som e  jo in ts  a s  in F ig u re  13. T h e se  re q u ire d



e x c e s s  m a te r ia l and c o n s id e r a b le  tim e to f i l l .  It w as found that by- 
stu ffin g  p ap er o r  other f i l l e r  m a te r ia l in the la rg e  c r a c k s  f i r s t ,  and then  
painting o v e r  this w ith the su lphur, th is p ro b le m  w as e lim in a te d .
T he tw o h ou ses  co n s tr u c te d  in C a rtag en a  in  B a r r io  C h ile  w e re  
a p p ro x im a te ly  70M ^ in  f lo o r  a r e a . On the co n v en tion a l h o u s e s , atop  
the 10th ro w  on these h ou ses  a s te e l  r e in fo r c e d  p o u r e d -in -p la c e  c o n c r e t e  
b e a m  w as u sed  to  tie  a ll o f the w a lls  togeth er  b e ca u s e  o f a v e r y  u n stab le  
s o i l  in  the C a rta g en a  a re a . By using the s u r fa c e  bon d  tech n iqu e  th is 
b e a m  w as e lim in a te d , thus saving  co n s id e r a b le  tim e and c o s t .  A  c r e w  
o f  th ree  m a so n s  and tw o h e lp e rs  w as u sed  in  C a rta g en a . One o f the 
h e lp e r s  m e lte d  the su lphur and m ix e d  the fo rm u la tio n . T h e s e  h ou ses  
to o k  5 days to  c o n s tr u c t  the w a lls , but the sam e c r e w  was u sed  to 
c o m p le te  the w a lls . In the con v en tion a l c o n s tr u c t io n , a s e p a ra te  c r e w  
w as u sed  fo r  co n s tru c t in g  the bea m . In o r d e r  to sa ve  c o s t s ,  one h ou se  
had on ly  the jo in ts  painted , as op p osed  to  the se co n d  h ou se  that w as co a te d  
o v e r  the to ta l b lo c k  s u r fa c e  as in  B ogota . A s  a n tic ip a ted , a p p ro x im a te ly  
h a lf as m u ch  co a tin g  m a te r ia l w as re q u ire d  w hen on ly  the jo in ts  w ere  
painted . F ig u re  14 is  an o v e r a ll  v iew  o f the tw o h ou ses  in  C a rtagen a .
In o r d e r  to  sp eed  c o n s tru c t io n  using the su lphur s y s te m , sp ra y in g  
the co a tin g  as  in F ig u re  15 w ou ld  be  v e r y  d e s ir a b le .  A  s m a ll  pum p 
(F ig u re  16) w as p u rch a sed  in B ogota  and re tu rn ed  to  Sw RI w h ere  e x p e r im e n ts  
w e re  co n d u cte d  u sin g  this pum p to sp ra y  a su lphur co a t in g . T he on ly  m o d i­
f ica t io n  r e q u ir e d  o f  the pum p w as a change in  the s e a ls .  T he use of su ch  a 
pum p w ould  a llo w  fo r  e ith er  sp ra y in g  or co a tin g  o v e r  the e n t ire  b lo c k  s u r fa c e  or


F igu re  16. Sm all Pum p Used to Spray 
Sulphur in L a b ora tory  T ests
c o n tr o l l in g  the width of the s tr e a m  fo r  coa t in g  only the jo in ts .
F r o m  the re su lts  thus far  obtained in C o lo m b ia ,  the s u r fa c e  bond  
technique a p p e a rs  c o m p e t it iv e  with con ven tion a l m o r ta r  construction , and 
depending  on s p e c i f i c  house d e s ig n s ,  can  o f fe r  c o n s id e r a b le  e c o n o m ic  
sav in g s .
The labor force is highly capable of adapting this technique to 
meet local needs. On the first four houses constructed by Colombian 
crews, the time of construction was very comparable to that of conven­
tional mortar construction. The materials costs in most instances could 
be competitive with cement mortar, and in the houses in Cartagena, 
considerable material costs were realized. Further refinements in both 
materials and techniques should encourage more widespread use of this * 
technique.
BIBLIOGRAPHY
1. Sulphur-Fibre Coatings, John M. Dale, The Sulphur Institute 
Journal, pp. 11-13, September 1965.
2. Sulphur Building Revisited, The Sulphur Institute Journal, pp. 2 -4 , 
Summer 1972.
3. Utilization of Sulphur and Sulphur Ores as Construction Materials 
in Guatemala, Allen C. Ludwig, United Nations Report TAO/Gua/4, 
14 July 1969c
THE FIRE RISK IN HOW COST HOUSING
by
John M . Dale
Southwest R e s e a r c h  Institute 
8500 C u lebra  Road 
San Antonio, Texas
January 6 1975
THE FIRE RISK IN LOW COST HOUSING
Southwest R e s e a r c h  Institute, under a con tract  fo r  the O ff ice  o f  
S c ien ce  and T ech n o log y  o f  the United States A g e n cy  for  International 
D evelopm ent, has been  conducting r e s e a r c h  on the utilization  o f  the 
su r fa ce  bond con stru ct ion  technique for  low  co s t  housing applications.
By this technique the walls are  con stru cted  by stacking co n cre te  o r  
other type b lo ck s  without any m o r ta r  betw een them and then applying a 
coating containing a f ib rous  m a te r ia l  on both the e x te r io r  and in ter ior  
o f  the w alls .  The coating inparts tens ile  strength to the w alls, sea ls  
the w alls , and resu lts  in not only lo w e r  co s t  w alls  but walls that are 
p h ys ica lly  su p er io r  to conventional m o r ta re d  w alls . W ork  on this 
p r o je c t  has led  to the con stru ct ion  o f  four houses  in C o lo m b ia  d em on ­
strating this concep t. One house was con stru cted  using a cem ent and 
a sb e s to s  f ib e r  coating. The other three houses  w ere  con stru cted  using 
a m o d if ie d  su lp h u r -a sb es tos  f iber  coating. The sulphur was m od if ied  
by the addition o f  d icyclopentad iene  which acts  as both a p la s t ic iz e r  and 
f i r e  retardant for  the sulphur.
The fact  that sulphur burns has been known a v e r y  long tim e. 
H om er (about 900 B . C . )  te lls  o f  its fum igating p rop er t ies  when burned 
to sulphur d iox ide . Sulphur is  r e fe r r e d  to in the Bible as "B r im s to n e "  
or "T h e  Stone That B u rn s" .  The public is aw are o f  this and has e v e ry  
right to be co n ce rn e d  o v e r  f lam m a b ility  o f  con stru ct ion  m a te r ia ls .  B y
2.
the sam e token, no one a sso c ia te d  with this developm ent has any 
intention o f  subjecting anyone in any country  to any undue r isk s ,  o r  
hazards . The purpose  o f  this paper is  to attempt to p lace the p rob lem  
of f ire  r isk s  in low  co s t  housing in its p rop er  fram e o f  p ersp ect ive ,  
so that those who are  co n ce rn e d  can understand the p aram eters  involved 
and thereby  be m o r e  know ledgeable as to the nature o f  the r isk s  involved.
F igu re  1 shows a c r o s s  sect ion  o f  a typ ica l  low  co s t  house as 
con stru cted  in m any countr ies  o f  the w orld . B a s ica l ly ,  it con s ists  
o f  a slab f lo o r ,  with b lo ck  walls and wooden ra fte rs  supporting a ro o f .
In a hypothetical situation where a f ire  o c c u r s  within such a s tructure , 
c o n s id e r  the hazards in te rm s  o f  the d ifferent types o f  building m a ter ia ls  
used  or  p ro p o se d  fo r  use in low  co s t  housing. If an ignition sou rce  
p rodu ces  a f ir e  in the cen ter  o f  such a house, with the passage o f  tim e 
the w alls  and the r o o f  structure w ill e x p e r ie n ce  a tem pera tu re  r is e  as 
dep icted  in F igu re  2. The b lo ck  walls o f  low  co s t  housing which have 
great m a s s ,  exhibit a hea t-s in k  e f fe c t ;  that is they absorb  heat m o r e  
rea d ily  than a typ ica l r o o f  structure  which is  le s s  m a s s iv e .  It is ,  
th e re fo re ,  probable  that the r o o f  m a te r ia ls  w ill  ex p er ien ce  a tem peratu re  
r i s e  fa ster  than the upper w alls . A s  the tem p era tu re  inside the building 
r i s e s  c o n s id e r  what happens to som e  o f  the typ ica l building m a te r ia ls  
and system s.
Table  1 is  a su m m a ry  of som e o f  the physica l p rop er t ies  o f  typ ica l 
m a te r ia ls  used  in low  co s t  housing, such as m a s o n ry  o r  adobe b lo ck  
m a te r ia ls ,  wood, th erm op la st ic s  and the sulphur based  m a te r ia l  being
3.
R O O FIN G
p a n e l s
W O O D
R A F T E R S
BLOCK WALL
CQNC. S L A B
.V*- .V .'./'S ;.--V  :.••
F IG U R E  2 .
C/?G5S SECT/ON O F  TYP/CAL LOW COST NOUSE
O oc r
F IG U R E
T /M E - TEMPERATURE RELATIONSHIPS THAT  
OCCUR IN A BUILDING THAT IS EXPERIENCING 
AN INTERNAL FIRE.
T
ab
le
 
1 
P
ro
pe
rt
ie
s 
of
 B
ui
ld
in
g 
M
at
er
ia
ls
 
as
 
R
el
at
ed
 
to
C
om
bu
st
io
n
 
an
d 
F
ir
e
5.
co n s id e r e d  fo r  use . It is  apparent that as the tem pera tu re  in c r e a s e s  
in a wall m ade o f  typ ica l c o n c re te  or  adobe b lo ck ,  the b lo ck  m a te r ia l  
wall e lem ent does not have a softening point, a m elt ing  point, an 
ignition tem p era tu re ,  a sm oke generation  p rob lem  or  a toxic  fume 
p rob lem . F r o m  the standpoint o f  f ire  p rotect ion , b lo ck  m a te r ia ls  are  
idea l building m a te r ia ls .  The f ir s t  building m a te r ia l  p rob lem  that 
m ight be encountered  due to f ire  would v e ry  l ik e ly  be with som e  o f  
the presen tly  used  and contem plated  roo fin g  m a te r ia ls .  T h erm op la s t ic  
c o m p o s it io n  as em p loyed  in roo fin g  s y s te m s ,  such as asphalt, have 
a softening point around 9 3 ° C /2 0 0 ° F .  This m eans that at this t e m p e r ­
ature they w ill  beg in  to soften and lo se  their s tructura l integrity .
A round this tem p era tu re  one can env is ion  the p o ss ib i l i ty  o f  the roo fin g  
m a te r ia l  o r  any other part o f the house m ade fro m  these m a ter ia ls  as 
fa lling  into the ro o m . If there w ere  humans present they cou ld  be 
subject  to m a s s iv e  skin contact burns o r  p oss ib le  in jury f r o m  falling 
d e b r i s .
A s  the tem p era tu re  continues to r i s e ,  the next m a te r ia l  that would 
su ffer  d is t r e s s  would be the  sulphur coating i f  the su r fa ce  bond con stru ct ion  
technique utilizing sulphur as a binder w ere  used to coat the b lo ck  w alls . 
Sulphur does not soften. It m e lts  at 1 2 0 °C /2 4 6 °F ,  and if pure e lem enta l 
sulphur w ere  used  as the binder one would env ision  the sulphur wall coating 
as m elt ing  and portions o f  it flowing down the w alls . The sulphur ba sed  
coating deve loped  for  the su r fa ce  bond con stru ct ion  technique w ill m e lt  on 
the su r fa ce  but beca u se  o f  the additives it does not flow  down the wall.
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While this would le s se n  the s tructura l integrity  o f  the building, one would 
not expect the building to fa il  to support the r o o f  becau se  the w alls are  
la r g e ly  se l f  supportive . The next o c c u r r e n c e  that m ight be exp ected  with 
in cre a s in g  tem pera tu re  would be for  any th erm op la st ic  m a te r ia l  in the 
building to r e a ch  its m elting  point at which tim e it would be a m ob ile  
liquid and flow  read ily .  With further tem p era tu re  r i s e  we would expect 
to encounter the ignition o f  com bu stib le  m a te r ia ls .  W ood, th erm op la st ics  
and sulphur b a se d  m a te r ia ls  have pilot ignition points in the range of 
1 7 6 °C /3 5 0 °C  to 5 7 0 ° C /9 3 0 ° F .  The exact point o f  pilot ignition can vary  
w idely  for  the sam e m a te r ia l  depending upon the conditions. O nce 
ignited  there  is a great va riance  in their  burning intensity and in their 
subsequent contr ibution  to the con flagration . Sulphur has a heat o f  
com bu stion  o f  4 ,0 0 0  btu 's  per lb, w hereas  wood has a heat com bu stion  
o f  7 -8 ,0 0 0  btu 's  per lb and th e rm o p la st ic s  have a heat of com bu stion  of 
1 2 -1 6 ,0 0 0  btu 's  per lb. Thus, w ood contr ibutes  tw ice and th erm op la st ic s  
three to four t im es  the amount o f  heat that sulphur does on com bustion . 
This heat has the e f fe c t  o f  ra is in g  the tem p era tu res  o f  surrounding 
m a te r ia ls  and bring ing  them to their ign ition  point, which propagates the 
f ire  both in  area and intensity.
The sulphur co m p o s it io n  em p loyed  in the su r fa ce  bond con stru ct ion  
technique contains a f ire  retardant m a te r ia l  that fo rm s  an intumesent 
char on the su r fa ce  on the sulphur which re tard s  the underlying sulphur 
fro m  being ign ited  and burned. T h e rm o p la s t ic  m a te r ia ls  and wood would 
be exp ected  to continue to burn. A s  the w ooden ra fte rs  burned  and lost
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their strength, the entire r o o f  structure  would co l la p se .  In m any o f  the 
low  co s t  housing system s the r o o fs  are  tile , transite  o r  sod and falling 
heavy d ebr is  would constitute a m a jo r  p erson n el hazard.
Now, c o n s id e r  the aspect  o f f ire  and com bu stion  products  as a 
r isk  to p erson n e l safety. A p p rox im a te ly  6 0 °C /1 4 0 °F  is about the 
m ax im u m  tem pera tu re  that can be to lera ted  by  the human skin. Any 
tem p era tu re  above this burns human f lesh . This o c c u r s  in an open 
space  f ire  b e fo r e  any building m a te r ia ls  or  building e lem ent system s 
are  a ffected . The next probable  m e a su re  o f  r isk  in a f ire  situation 
is that o f  sm oke generation . W ood contr ibutes  heav ily  to sm oke 
generation  as do th e rm o p la s t ic s ,  p a r t icu la r ly  the a rom a tic  com pounds 
contained  therein  which fo rm  dense b lack  sm oke . Sulphur based  
m a te r ia ls  do not n o rm a lly  generate sm oke, in that sulphur d ioxide, 
the m ain  product o f  com bu stion  o f  sulphur, is a c o l o r l e s s  gas.
Another ser iou s  person n e l a sp ect  o f  com bu stion  is the tox ic ity  
o f  the ga ses  produced . Man is a c cu s to m e d  to breathing a ir - -n o th in g  e lse .  
In the c a s e  o f  wood, th erm op la st ic s  and sulphur, a ll  produce tox ic  
products  o f  com bu stion . The degree  o f  to x ic i ty  o f  these m a ter ia ls  
v a r ie s .  It is in teresting  to c o n s id e r  the fact  that m ost  people who die 
f r o m  sm oking in bed  actually  lo se  co n s c io u s n e s s  f r o m  breathing the 
fum es f r o m  the com bu stion  o f  the m a ttre ss  and have often succum bed  
b e fo r e  e ver  r e c e iv in g  any f lesh  burns. Dr. Donald D r e s s ie r ,  P r o f e s s o r  
o f  S u rgery  at the H arvard  M e d ica l  S chool,  has re ce n t ly  been  studying 
f ire  re la ted  d ea th s .  ^^  Now that the treatm ent fo r  burn v ic t im s  has so
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great ly  im p roved , and so m any m o r e  patients survive  the f irs t  day, 
they are  now able to o b s e rv e  traum a o f  a type h e re to fo re  unappreciated .
In the study o f  la rge  num bers  o f  patients who have been  in f i r e s ,  they 
have o b s e r v e d  that on the secon d  day after the f ire  and a fter  having 
su cce e d e d  in returning the ind iv idua l's  bod ily  signs to near n orm a l 
cond itions, the individual dies inexplainably . T hrough  sm oke tunnel 
tests  using both large  and sm a ll an im als , Dr. D r e s s ie r  and his 
a s s o c ia te s  have been  able to identify that the sm oke fro m  white pine 
and certa in  other w oods contain  constituents that are  re sp o n s ib le  for  
these deaths. White pine is  c o n s id e r e d  id ea l window tr im  and sash  
m a te r ia l ,  wall paneling, etc . and is used  ex ten s ive ly  in houses  c o n ­
s tructed  in the United States and e lse w h e re .
The product o f  sulphur com bu stion  is sulphur d ioxide. This is 
highly ir r ita tin g  to the e y e s ,  n ose , throat and lungs in concentrations  
g re a te r  than 6 to 20 (parts per m ill ion )  by vo lum e. At 150 ppm, the 
ir r ita t io n  is a lm ost  unbearable . C on cen trations  in e x c e s s  of 550 ppm 
resu lt  in su ffocation . E xp osu re  to sulphur d ioxide has no perm anent 
sy s te m ic  e ffect ,  and indeed f o r c e s  evacuation  o f  the p r e m is e s  without 
causing  perm anent dam age to an ind iv idual's  health. This is m ost  
s ign ificant, s ince  the typ ica l low  c o s t  house res id en t is se ldom , if  ever , 
m o r e  than 10 m e te r s  (33 ft. ) f r o m  a door  o r  window exit. It should be 
r e m e m b e r e d  that we are  not co n s id e r in g  or  contem plating the con stru ct ion  
o f  high r is e  o r  m u lt i -s t o r y  bu ild ings; a ll  building spa ces  are  at grade lev e l .  
One m ight even c o n s id e r  putting sulphur in m a t t re s s e s  to awaken those
9.
who have fallen a s leep  and f o r c e  their evacuation . One would not expect 
an individual in a house with sulphur d ioxide fum es to linger there very- 
long. By the sam e token the s low  burning rate o f  sulphur and the fume 
generation  in a sm a ll  e n c lo su re  such as that o f  the low  co s t  house would 
a lert  an individual o f  im pending danger and allow  am ple opportunity to 
e sca p e .  T h ere  are  cer ta in  individuals w hose r e s p it o r y  system s are  v e ry  
sensitive  to any varia tion  o f  what they breathe and are  subject to a 
" s h u t -o f f "  o f  the breathing p r o c e s s .  It is  v e r y  d ifficu lt  to pred ict  this 
e f fe c t  or  p rov ide  p rotect ion  against it.
The United States is c o n s id e r e d  one o f  the m o r e  advanced countr ies  
in the w o r ld  in te rm s  o f  building co d e s .  T h ese  building co d e s  vary  in 
requ irem en ts  and content fr o m  one another a c co rd in g  to geograp h ica l  
lo ca le ,  p o lit ica l  entity and actual p h ys ica l  loca tion . T h ere  is  a wide 
varia tion  o f  m a te r ia ls  a llow ed  f r o m  one situation to another a cco rd in g  to 
building type, building use and building siting. M ost  o f  the cod es  re ly  
on the use o f  A m e r ic a n  S oc ie ty  o f  T esting  M a ter ia ls  standard tests  that 
have been  d eve loped  o v e r  the y e a rs .  Even with this e laborate  system  
o f ASTM  tests  and building code  requ irem en ts  it is  p oss ib le  for  m a te r ia ls  
to pass these tests ;  be a ccep ted  under the build ing c o d e s ,  be p laced  in 
buildings and, in the ca s e  of f ire ,  cause  m a jo r  in ju ries  and death.
The h is tory  o f  urethane foam s is a ca se  in point. Urethane foam  
m a te r ia ls  that had passed  the ASTM  test and cod e  r e s t r ic t io n s  have been  
re sp o n s ib le  o v e r  the past s e v e r a l  yea rs  fo r  num erous deaths in the United 
States. This has n ecess ita ted  the im p os it ion  o f  r e s t r ic t io n s  on their use .
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In the past, sulphur based  coatings  have actually  p assed  som e o f  the 
pr inc ipa l ASTM  f ire  tests ,  as r e p o r te d  on in a paper by A. C. Ludwig 
and the author entitled "F ir e -R e t a r d in g  E lem en ta l Sulphur". (2 ) But one 
is hesitant to r e ly  totally  on these findings. Thus, we m ust seek  to be 
re sp o n s iv e  to the p rotect ion  o f  an individual in a s tructure  and not r e ly  
en t ire ly  on the ASTM  tests  o r  the building code  requ irem en ts .
Many countr ies  w here low  c o s t  housing is being con stru cted  have 
no building c o d e s ,  test p ro ce d u re s  o r  fa c i l i t ie s  to evaluate m a ter ia ls  
behavior .  At this point, s c ie n ce  and technology  m ight contribute solutions 
to these p ro b le m s .  In looking into this, one finds that the " s t a t e - o f - t h e -  
art"  w orldw ide is le s s  than m ight be hoped fo r .  A v iv id  exam ple o f  this 
sh ortcom in g  was the o c c u r r e n c e  at Cape Kennedy in F lo r id a  se v e ra l  y ea rs  
ago when three United States astronauts p er ish ed  when f ire  brok e  out in 
their space capsu le . Im m ediately  a fter  this event great em phasis  was 
p laced  on the subject  o f  f ire  retard in g  o f  m a te r ia ls .  M uch of this w ork  
was c a r r ie d  out at the United States N ational A eron a u tics  and Space 
A d m in is tra t io n 's  A m e s  R e s e a r c h  C en ter  in M ountainview, C a lifo rn ia .  (3) 
A fte r  intensive studies at A m e s ,  it was found that v ir tua lly  any m a te r ia l  
cou ld  be s u c c e s s iv e ly  f ire  re ta rd ed  by  use o f  variou s  quantities o f  
d ifferent ch e m ic a l  com pounds, nam ely  the halogens such as ch lor in e ,  
f luorine  and b ro m in e .  The drawback, h ow ever ,  is that when heavily  
f ire  retardant m a te r ia ls  are  heated they m ay  l iberate  e x tre m e ly  toxic  
ga ses ,  and people succum b to the toxic  gases  as quick ly, if  not m o r e  
qu ick ly , than to the f ire  i tse l f .  One o f  the leading sc ien tis ts  at A m e s
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contr ibuted  his life  in this v e ry  m anner. A f t e r  s e v e r a l  dem onstrations , 
w here he held a to rch  to a p iece  o f  f ire  re ta rd ed  m a ter ia l ,  he e x p e r i ­
enced  a heart attack which was la ter  d ire c t ly  con n ected  with the inhalation 
o f  the " o f f - g a s e s " .  A m a te r ia l  can be " f i r e  re ta rd e d "  but it should be 
r e m e m b e r e d  that i f  heated to a high enough tem p era tu re , v irtually  a ll  
m a te r ia ls  that a re  ox id izab le , e s p e c ia l ly  those containing carbon , sulphur 
and s im ila r  e lem en ts ,  w ill  l iberate  as a gas these e lem ents  or com pounds. 
When this o c c u r s ,  the m a te r ia ls  are  prone to enter into v e ry  b a s ic  
c h e m ic a l  re a c t io n s  w here e le c tro n s  are  exchanged  and products  of 
ox id iza tion  a re  fo rm e d .  It is v e ry  d ifficu lt, if  not im p o ss ib le  to prevent 
this type o f  re a c t io n  f r o m  taking p lace .
In the ca se  o f  sulphur, there a re  sp e c i f ic  steps that can be taken 
to le s s e n  the r isk s  of using it as a b inder  m a te r ia l  in low  co s t  housing.
In addition to using the re co m m e n d e d  3 percen t by  weight of d i c y c lo -  
pentadiene which acts  as a f ire  retardant m a te r ia l  fo r  sulphur, the 
incorporaticn  of f i l le r  m a te r ia l  such as sand, talc or  v o lca n ic  ash with 
the sulphur w ill  further re tard  the burning c h a r a c t e r is t i c s .  In m any 
develop ing  cou n tr ies  there are  native e lem en ta l sulphur deposits  of 
v o lca n ic  o r  sed im en tary  or ig in  that contain  quantities o f  the a s so c ia te d  
inert m in e ra ls  and these m a te r ia ls  are  idea lly  suited fo r  use in the 
su r fa ce  bond con stru ct ion  technique. The p re se n ce  o f  these inert m in ­
e ra ls  in the native sulphur deposits  d isq u a lif ies  them fo r  the w orld  sulphur m ark et ,
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which adds ju st if ica t ion  for  their  use lo ca l ly .  The few er sm all  p r o ­
tuberances  there  are  on the su rface  o f  a sulphur base  coating the m o r e  
d ifficu lt it b e c o m e s  to ignite the coating. Such p rotu berances  m ay  be 
red u ced  by im p rov in g  the sk ill  and m ethod  of application . Using le ss  
sulphur coating by  painting the jo ints  o r  using thinner coatings will 
a lso  greatly  le s se n  the p ro b le m . F inally , a fin ish  coating o f  som e low 
c o s t  inorgan ic  m a te r ia l  such as white wash (quick lim e and w ater) w ill 
further re ta rd  the sulphur coatings  tendency  to burn.
In an e f fo r t  to s im ulate the f ire  hazards  o f  the sulphur su r fa ce  
bond technique in a re a l  life  situation and co m p a re  it to other m a te r ia ls  
a s e r ie s  o f  exp er im en ts  w ere  dev ised . One m a jo r  so u rce  o f  f ire  in 
dwellings o c c u r s  in cooking , when gre a se  o r  cook in g  o i l  is inadvertently  
o v erh ea ted  and ignited. T h e re fo re ,  as a f ire  s o u rce  a cast  iron  skillet 
with 100 gram s o f  cooking  o i l  was p laced  on a hot plate and intentionally 
overh eated  until ignition o c c u r r e d .  When p laced  d ire ct ly  against a 
4 ft. (122 cm ) x 4  ft. (122 cm ) wallette m ade f r o m  1/4 in. (0 .6 2  cm ) 
thick plywood, ignition of the plyw ood o c c u r r e d  one minute after ignition 
of the cook ing  o il .  Ten m inutes a fter  ign ition o f  the cook ing  o il  the 
p lyw ood wall had been  con su m ed  f ro m  the bottom  to the top and there 
was nothing left to test . The ce il in g  and side walls would have been  
con su m ed  had they not been  m ade o f  cem ent a sb e s to s  board  due to the 
heat intensity o f  the burning wall.
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F igu re  3 is  a photograph o f  the sam e exp er im en t  conducted  
against a wallette m ade f ro m  c o n c re te  b lo ck s  jo in ed  by a 2. 0 in.
( .61  cm ) wide ex tern a l application  o f  the sulphur base  coating o v e r  only 
the jo in ts .
FIGURE 3 FIRE TESTING O F  A W A L L E T T E
T h ree  m inutes a fter  ignition o f  the cook ing  o i l  the sulphur base  coating  
o v e r  the jo ints  exp osed  to the f lam e ignited. A fte r  eight m inutes the 
cook ing  o i l  in the skillet had burned  to c om p le t ion  and the f ire  in the 
skillet went out. F ifty  m inutes la ter ,  a fter  p r o g r e s s in g  only up to 
the secon d  row  o f  b lo ck s  the sulphur base  coating extinguished o f  its 
own a c c o r d .  The sulphur base  coating burns v e r y  s low ly  and as it burns 
it f o r m s  an intunescent char that prevents  the underlying m a te r ia l  f r o m  
burning and thus the bond betw een the b lo ck s  is m aintained. To show 
that the bond is m aintained the wallette was layed  o v e r  h or izon ta lly  
with the burned  face  down and supported  on each  side as a b ea m . It
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was then loaded  on the top cen ter  with 525 pounds (238 k ilos )  o f  b lo ck s  
and it did not break . This is equivalent to a unit load of 6 4 .8  lb s / f t .  2
(315 K g s /s q .  m e te r ) .  The wallette thusly loaded  is shown in F igu re  4.
FIGURE 4 JOINT C O A T E D  W A L L  TE STE D  AS A BEAM
The unit load  on a wall sub ject  to a 100 m i le /h o u r  (160 K ilo m e te r /h o u r )  
wind is ap p rox im ate ly  30 lb s / f t .  2 (146 K g s /s q .  m e te r ) .
A third  wallette was con stru cted  with c o n c re te  b lo ck s  using 
the sulphur base  coating o v e r  the entire  su r fa ce .  A fte r  exp osu re  to 
the sam e f ire  s o u rce  the coating se lf -ex t in g u ish ed  a fter  one hour and
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seventeen  m inutes , with su r fa ce  charing  extending a ll  the way to the 
top o f  the wall. At no tim e did the ce i l in g  or w alls e x c e e d  140 °F (60°C ). 
The sulphur base  coating on the back  side o f  the wall was unaffected . 
This wall was a lso  treated  as a beam  as shown in F igu re  5 and it 
a lso  supported  a load o f  525 pounds (238 k ilos )  without fa ilu re , and 
thus like the joint coated  wall m aintained its s tru ctu ra l  integrity  w ell 
in e x c e s s  of design  req u irem en ts .
FIGURE 5 T O T A L L Y  C O A T E D  W A L L  TE STE D  AS A BEAM
A sulphur f ire  in an e n c lo s e d  structure  can  be sm oth ered  by 
c lo s in g  all en trances  and denying it a ir .  B a rr in g  this, a sulphur f ire  
should p r e fe r r a b ly  be extinguished with w ater. If, fo r  any reason , 
w ater cannot be used, burning sulphur can be extinguished by co v e r in g  
it with dirt, sand or  other inert m a te r ia l  (National Safety C ou ncil  Data 
Sheet 492). ^
Thus, while there are  r isk s  in liv ing in a typ ica l low  co s t  house, 
these r is k s  are  not n ear ly  as great as one m ight be led  to b e l ie v e .  If 
weighed against the r isk s  o f  no shelter  and exp osu re  to the e lem ents  
they are  m in o r .  In the final ana lysis  these r isk s  a re  cer ta in ly  le s s  than 
the r isk s  inherent in living in the a vera ge  house that one finds in the 
d eve loped  co u n tr ie s .  Fortunately , u tilization  of the su r fa ce  bond c o n ­
struction  technique does not r e s t  m e r e ly  on the use of sulphur; cem ent 
and other n o n -co m b u st ib le  b inders  can be em p loyed . Sulphur should 
only be used  by those who have w eighed a ll  of the fa c to rs  and understand
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what is involved .
R E FE R E N C E S
(1) P r ivate  Sem inar at Southwest R e s e a r c h  Institute, Septem ber, 1974 
by Dr. Donald D r e s s ie r ,  P r o f e s s o r  o f  Surgery , The H arvard  
M e d ica l  S chool.
(2) A . C .  Ludwig and J . M .  Dale, " F i r e  Retard ing E lem enta l SulphurM 
Journal o f  M a t e r ia ls , V o l .  2, No. 1, M arch , 1967. P ublished  by 
the A m e r ic a n  S oc ie ty  fo r  Testing  and M a te r ia ls .
(3) U S B M /N A S A -T T /T U  M eeting  on F ir e -R e s is ta n t /R e ta r d a n t  F oam s 
and Coating, John A . P a rk e r  Host -  NASA A m e s  R e s e a r c h  C enter, 
D e ce m b e r  15, 1972, attended by author.
(4) National Safety C ou ncil  Data Sheet 592.
SURFACE BONDING PROJECT 
FROM THE POINT OF VIEW OF AID MISSION 
IN COLOMBIA
Alfonso Corredor, Asesor, Desarrol1o de Proyectos, AID, Bogota
The present project under direct financial assistance of AID/ 
Washington, was very well received by both the private and the 
public sectors in Colombia. However, such a project, at an 
experimental level, has not as yet determined the doubts that 
might arise if techniques were to be applied on a large scale.
We would therefore like to ennumerate in this report the 
different variables that should be considered before implementing 
tne technique on a national level. It would be wise perhaps to 
individually outline the points of view of both thepublic and the 
private sectors, inasmuch as a few variables are only relevant 
to one of them.
Point ojg View of tne Private Sector
As we are all aware, the financial aspect is the only incentive 
tnat would encourage the private sector to change its construction 
techniques. In other words, if results from the preliminary stage 
of a project such as the one presented in this Conference, will 
show that considerable savings in costs are obtained, perhaps the 
constructor might take the risks that a change of technique in­
volve s.
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The first phase of the project consisted in the construction of 
four houses in Colombia. As a result, it was found that savings 
in. costs were obtained from the houses constructed in Cartagena, 
while a small increase in costs was observed in those constructed
in Bogota.
The most important cost reduction in Cartagena was through savings 
obtained in the construction of the beam. Under the conventional 
technique the construction of the beam was necessary, operation 
that required considerable time and high costs. Under the new 
proposed technique, the beam can be constructed with the same 
blocks used on the walls, but coated with sulphur. There is no 
reduction in strength and therefore the technique is acceptable. 
However, we undertand that there are similar construction in 
Colombia in which the beam has not been considered essential, this 
without representing exaggerated risks for the constructor respon­
sible. If this is the case, savings obtained in Cartagena are not 
worthwhile. We believe that this aspect should be studied care­
fully by the constructor who might at any time be interested in 
using this technique.
however, it should be clearly emphasized that estimate costs pre­
sented herein are only valid for Colombia. In some other countries 
where costs of conventional constructions are rather high, the 
surface bonding technique results in larger savings.
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Coutries where cement industry is very poor, or lacking complete­
ly, and are incurring in large investments to acquire the cement, 
should contemplate the possibility of a change in technology such 
as to tnat which is presented in this conference. Moreover, if 
a country under a similar situation as mentioned above, supplies 
the necessary sulphur, the perspective should appear highly at­
tractive .
At the present time, in our discussion implicit has remained the 
ract that the technique as such has been completely considered 
satisfactory. Tests made in Bogota and Cartagena are a clear 
evidence. Although a few persons seem to be concerned about 
aspects such as flammability of the sulphur coat, conduit instal­
lations and other similar problems, it seems to us that these can 
be easily solved and that they do not involve major risks as 
compared with problems arisen in the conventional construction. 
Therefore, we would like to assume that the sulphur surface bonding 
technique with minor modifications and improvements would possibly 
be suitable for the construction of residential units.
Point of View of the Public Sector
Independently of the costs that the new technique may involve for 
the private sector, the government should carefully analyze the 
effects on the economy as a whole. Aspects such as availability 
of sulphur, dicyclopentadiene, glass fibers and propane, must be 
evaluated not only from the standpoint of costs to the constructor
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but specifically its advantages for the country.
As previously mentioned, for countries using at present other 
construction techniques and for which foreign holdings are being 
spent for acquisition of the necessary materials, the problem 
is rather simple. It only requires to compare import costs of 
the new materials with the former and find out whether this 
represents any savings. Furthermore, if some of the new materials 
are locally available the technique would become even more 
attractive.
On the other hand, if common construction techniques are not 
requiring the use of foreign holdings, but the use of new materials 
does, attention should be given upon comparing the opportune cost 
of the holdings (generally much higher than the current exchange 
in the developing countries) with the savings that the new technique 
might produce.
It should be also mentioned that the use of sulphur surface 
bonding in the developing countries will require imports of at 
least ohe of the materials. This is the dicyclopentadiene, a 
proceedings from oil which very few producers are obtaining 
throughout the world. Nevertheless, the amount of this product 
used is rather small,* therefore no large amount of holdings is
required.
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Thus, it is evident that for countries having large amounts 
of sulphur available or those who have relatively poor cons­
truction industry, techniques presented herein,as an alterna­
tive ,must be carefully analyzed in order to determine its 
feasibility. An important aspect to be considered is the fact 
that this technique does not require the development of highly 
expensive and complicated factories such as those for cement 
oroduction. In this technique the production is done at the 
construction site; of course all scale economies are lost but 
facing the lack of resources this might become a short term
solution.
